results. After introduction of ertapenem, there was a significant decrease in median consumption of imipenem or meropenem, from 2.6 to 2.2 defined daily doses (DDDs) per 100 patient-days (level change from 0.04 to -1.08;
), and an increase in the use of these P ! .01 medications after ertapenem exclusion, from 2.2 to 3.3 DDDs per 100 patient-days (level change from -0.14 to 0.91; ), by segmented P ! .01 regression analysis. There was no difference in the incidence density of carbapenem-resistant P. aeruginosa infection related to ertapenem use throughout the study periods. However, by multiple regression analysis, the reduction in the rate of carbapenem-resistant P. aeruginosa infection correlated significantly with the increase in the volume of alcohol used as hand sanitizer, which was from 660.7 mL per 100 patient-days in period 1 to 2,955.1 mL per 100 patient-days in period 3 ( ). Ertapenem use did not impact the rate of carbapenem-P p .04 resistant P. aeruginosa infection.
conclusions. Use of alcohol-based hand gel, rather than ertapenem, was associated with a reduction in the rates of carbapenemresistant P. aeruginosa infection. Measures to reduce resistance must include factors other than just antimicrobial stewardship programs alone. In hospitals, the prescription of antimicrobial drugs is an exercise of balance between the benefits of an immediate and aggressive empirical therapy and the risk of the emergence of antimicrobial-resistant pathogens.
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1 Antimicrobial stewardship programs have been implemented to promote the rational use of antimicrobial drugs. 2 A lack of activity of ertapenem against Pseudomonas aeruginosa has raised some issues concerning the induction of resistance by or even the lack of protection against carbapenem-resistant P. aeruginosa. Few studies have addressed the impact of the use of ertapenem on carbapenem-resistant P. aeruginosa, but the results are conflicting. [3] [4] [5] [6] [7] Factors other than antimicrobial consumption may contribute to the rise of resistance, and infection control programs must address all of these issues in order to control for the emergence of resistance. 8 We evaluated the use of ertapenem and the rates of carbapenem-resistant P. aeruginosa infection in a universityaffiliated hospital, taking into account the volume of antimicrobials consumed, the volume of alcohol-based hand gel consumed, and the density rate of invasive practices.
methods

Setting and Study Design
Hospital de Clínicas de Porto Alegre, a 749-bed, universityaffiliated, tertiary level public hospital, is located in the city of Porto Alegre, in southern Brazil. The hospital has 22 noncritical wards and 3 intensive care units (adult, neonatal, and pediatric). The adult and pediatric intensive care units have 42 and 13 beds, respectively, for medical and surgical patients. The neonatal intensive care unit comprises 20 beds.
Study Design and Definitions
We conducted a before-and-after trial to assess the impact of ertapenem consumption on rates of carbapenem-resistant Pseudomonas aeruginosa infection. Ertapenem was first introduced into our antimicrobial panel in Risk factors, including the consumption of antibiotics by the entire hospital, invasive practices (endotracheal intubation, use of a urinary tract catheter, use of a central venous catheter [CVC] ), and the total volume of alcohol used as hand sanitizer were considered as covariates for antibiotic drug resistance. We excluded the pediatric units from the analysis, because the consumption of antibiotics by this population is not standardized in our hospital.
On a monthly basis, data on the consumption of antimicrobial drugs were recorded as the number of defined daily doses (DDDs) per 100 patient-days, as recommended by the Anatomical Therapeutic Chemical Classification System and the DDD index. 9 Data were collected on the consumption of aminoglycosides (gentamicin, amycacin, tobramycin), thirdgeneration cephalosporins (ceftriaxone, ceftazidime), fluoroquinolones (norfloxacin, ciprofloxacin, and levofloxacin), broad-spectrum penicillins (piperacillin-tazobactam, ticarcillin-clavulanate), carbapenems (imipenem and meropenem), and ertapenem.
For measurement of invasive practices, data were extracted from the hospital electronic database every month. As recommended by the National Healthcare Safety Network, the rate of use of invasive practices was reported as the number of days of endotracheal intubation, urinary catheter, or CVC use divided by the total number of patient-days. 10 The consumption of alcohol-based hand gel by the entire hospital (excluding the pediatric units) was recorded monthly in milliliters per 100 patient-days. This included the use of alcohol-based formulations from 100-mL bottles and from wall dispensers.
In this study, for each patient, information about only the first microbiological isolate was recorded, irrespective of the body site from which it was obtained or the antimicrobial susceptibility pattern. 11 Microbiological isolates from patients who received a diagnosis of a community-acquired infection were excluded. Bacteria species identification was performed according to the protocols of the clinical microbiology laboratory. Susceptibility testing was performed by the diskdiffusion method: Isolates were suspended in saline to create a 0.5 McFarland turbidity standard. This suspension was used to inoculate Mueller-Hinton agar plates, and antibiotic disks were applied to the agar surface. The inhibition zones of the antibiotic disks were interpreted according the recommendations of the Clinical and Laboratory Standards Institute guideline. 12 Bacterial multiresistance was classified according to the recommendations of the Centers for Disease Control and Prevention (CDC) and Infection Control Committee criteria, 13 and it included the following organisms: extendedspectrum b-lactamase (ESBL)-producing Klebsiella species, Escherichia coli, Proteus mirabilis, carbapenem-resistant Acinetobacter baumanii, vancomycin-resistant Enterococcus species, methicillin-resistant Staphylococcus aureus (MRSA), and carbapenem-resistant P. aeruginosa. On a monthly basis, bacterial resistance rate was calculated by dividing the number of resistant isolates of each species by the number of patientdays, multiplied by 1,000.
Statistical Analysis
Time-series segmented regression analysis was used to determine significant changes in the level and trend of antibiotic use and resistance patterns throughout the study periods.
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By this analysis, estimates of changes in level (immediate change after intervention) and trend (changes that occurred after months of intervention) were determined.
For normally distributed variables, one-way ANOVA analysis with Tukey multiple comparisons adjustment was performed to compare mean differences among the period groups. For the nonparametric variables (quinolone, ertapenem, and CVC use rates, and the volume of alcohol-based hand antiseptic used), the median differences among these periods were assessed by Kruskal-Wallis test.
Multiple regression analysis was used to assess the relationship among explanatory variables (antimicrobial drug use, invasive practices, and consumption of alcohol-based hand antiseptic) and the outcome variable rate of carbapenem-resistant P. aeruginosa infection. Antibiotics included in the analysis are those that are related to the risk of resistance by P. aeruginosa. 17 All P values less than .05 were considered to be statistically significant. All collected data were analyzed using SPSS, version 18.0. The study was approved by the institution's Review and Ethics committee.
results
There was a significant overall decrease in mean consumption of aminoglycosides, third-generation cephalosporins, and quinolones in the ertapenem and postertapenem periods compared with in the pre-ertapenem period. The mean consumption of aminoglycosides in DDDs per 100 patient-days was 4.3 (95% confidence interval [CI], 3.9-4.8), 3.2 (2.9-3.5;
), and 2.0 (1.7-2.2; ) in periods 1-3, respec-P ! .01 P ! .01 tively; for third-generation cephalosporins, the mean rate of consumption was 1.1 (0.9-1.2), 0.8 (0.7-0.9; ), and P ! .01 0.5 (0.4-0.6; ) in periods 1-3, respectively; and for P ! .01 quinolones, the median consumption rate was 10.1 (8.7-10.8), 10.0 (9.3-10.9; ), and 3.6 (2.7-4.0; ) in P p 1.0 P ! .01 periods 1-3, respectively. For broad-spectrum penicillins, there was an increase in use: the mean consumption rate was 2. 4 (2.2-2.7), 3.3 (3.1-3.5; ), and 4.2 (3.8-4.5; P ! .01 P ! ) in periods 1-3, respectively. .01
The median rate of consumption of ertapenem in period 2 was 0.5 DDDs per 100 patient-days (95% CI, 0.4-0.7). For other carbapenems, the mean consumption rate was 2.6 (2. There was a significant increase in the consumption of alcohol-based hand gel throughout the study period. In period 1, the median consumption was 685.4 mL per 100 patient-days (95% CI, 531.7-735.3), in period 2 it was 1,548.8 (1,434.2-1,706.2;
), and in period 3 it was 2,995.8 P ! .01 (2,558.0-3,251.3;
; fig. 2 ). P ! .01 There was a significant decrease in the rate of multidrugresistant bacteria. The mean incidence rate of multidrugresistant bacteria was 5.0 per 1,000 patient-days (95% CI, 4.6-5.3) in period 1, 4.9 (4.6-5.2; ) in period 2, and P p .9 4.0 (3.6-4.4; ) in period 3. The mean rate per 1,000 P ! .01 patient-days of ESBL-producing organisms was 2.4 (2.1-2.6) in period 1, 2.5 (2.3-2.7; ) in period 2, and 2.5 (2.1-P p .69 2.8; ) in period 3. P p 1.0 The mean incidence of carbapenem-resistant P. aeruginosa infections per 1,000 patient-days was 0.51 (95% CI, 0.41-0.60) in period 1, 0.43 (0.36-0.49; ) in period 2, and P p .33 0.33 (0.26-0.41; ) in period 3. Comparing the mean P p .34 rate in periods 1 and 3, there was a statistically significant decrease in the incidence of carbapenem-resistant P. aeruginosa infection ( ). P p .04 By segmented regression analysis, there was no difference in the incidence density of carbapenem-resistant P. aeruginosa infections throughout the study period in relation to ertapenem use. Comparing the pre-ertapenem use period and the period following the introduction of ertapenem, there was a change in slope from Ϫ0.003 to Ϫ0.002 ( ). P p .87 Comparing periods 2 and 3, there was a change in slope from Ϫ0.002 to 0.13 ( ). P p .28 By multiple regression analysis, the use of antibiotics (ie, aminoglycosides, third-generation cephalosporins, fluoroquinolones, broad-spectrum penicillins, carbapenems, and ertapenem) and invasive practices (endotracheal intubation, use of urinary catheter, use of CVC) did not impact the rate of carbapenem-resistant P. aeruginosa infection. Alcoholbased antiseptic hand gel use was associated with a decrease in the incidence of carbapenem-resistant P. aeruginosa infection (  ; table 1 ). Furthermore, the use of alcohol-based P p .04 hand gel correlated significantly to the decrease in the rate of carbapenem-resistant P. aeruginosa infection ( ; P ! .01 Spearman correlation ). r p Ϫ0.40 discussion To the best of our knowledge, this is the first study to assess the impact of ertapenem use on the rate of carbapenem- resistant Pseudomonas aeruginosa infection by taking into account risk factors for bacterial resistance other than antimicrobial pressure alone (ie, rates of use of invasive devices and hand hygiene compliance). This study demonstrates the association of hand hygiene, as measured by the use of alcohol-based gel, with a reduction in the rate of carbapenemresistant P. aeruginosa infection. Furthermore, the introduction and subsequent exclusion of ertapenem from the hospital antimicrobial panel were not associated with changes in P. aeruginosa resistance.
In 2006, the hospital antimicrobial policy recommended the use of ertapenem only for the treatment of infections with ESBL-producing organisms, and it reserved the use of imipenem and meropenem for treatment of infections caused by other Gram-negative bacteria. The aim of the antimicrobial stewardship program was to diminish the rates of carbapenem-resistant P. aeruginosa infection by reducing the consumption of other carbapenems. Although we observed a significant and immediate reduction in the use of other carbapenems after the introduction of ertapenem, it did not correlate with a decrease in the rate of carbapenem-resistant P. aeruginosa infection. Ertapenem was excluded from the hospital antimicrobial panel for cost reasons in 2009; this resulted in a significant increase in the use of imipenem or meropenem, without changes in the rate of carbapenemresistant P. aeruginosa infection.
Several studies have assessed the risk factors for carbapenem resistance in P. aeruginosa. The use of carbapenems, thirdgeneration cephalosporins, ciprofloxacin, piperacillin-tazobactam, and aminoglycosides are all associated with multidrug or carbapenem resistance in P. aeruginosa. Other factors include prolonged hospital stay, intensive care unit stay, use of mechanical ventilation, use of Foley catheters, renal failure, history of chronic obstructive pulmonary disease, advanced age, and human immunodeficiency virus infection. [17] [18] [19] [20] [21] [22] [23] Studies have been published examining the impact of antimicrobial programs on bacterial resistance. 24, 25 Restrictions or decreases in the use of carbapenems have been responsible for reductions in the rates of carbapenem-resistant P. aeruginosa infection. 26, 27 However, there are conflicting results concerning ertapenem use and improvement in the rates of carbapenem-resistant P. aeruginosa infection. [4] [5] [6] [7] Goff et al 4 concluded that susceptibility to imipenem in P. aeruginosa did not change after the continuous use of ertapenem for 5 years. Lima et al 5 found a decrease in carbapenem resistance in P. aeruginosa after the introduction of ertapenem but not imipenem for the treatment of infections with ESBLproducing Enterobacteriaceae, but their results did not reach statistical significance. Goldstein et al 6 concluded that the addition of ertapenem was an important component and helped to improve susceptibility of P. aeruginosa mostly through decreased consumption of other carbapenems. Finally, Eagye et al, 7 in a recent multicenter study, showed that P. aeruginosa susceptibility rates did not change in relation to ertapenem use in 25 US hospitals. All of these studies evaluated antibiotic use and its relationship with P. aeruginosa resistance, but they did not include in their analyses other known risk factors for P. aeruginosa resistance.
In this study, other risk factors for carbapenem-resistant P. aeruginosa infection (ie, invasive devices and hand hygiene) and antibiotic use were included in the analysis. Furthermore, there was a significant increase in the rate of use of invasive devices during the study period. It could be assumed that this is an indicator of severity and might have contributed to an increase in antimicrobial resistance. In spite of this, the increase in use of alcohol-based hand gel was independently associated with a reduction in the rate of carbapenem-resistant P. aeruginosa infection.
Alcohol-based antiseptic hand gel was introduced in our hospital in 2003. In 2006, campaigns to stimulate hand hygiene were started, which included continuous training, distribution of educational materials, and dissemination of dis- figure 2 , a significant increase in the use of alcoholbased antiseptic hand gel occurred during the H1N1 influenza pandemic. 28 Adherence to hand hygiene practices can vary from 5% to 81%. 29 Pittet et al 30 demonstrated significant increases in hand hygiene adherence practices in Geneva, from 48% to 66%, with a subsequent reduction in healthcare-associated infections and transmission of MRSA. Others have found that even a modest increase in hand hygiene adherence (23% from baseline) resulted in control of multidrug-resistant organisms. 31 In a study by Eckmanns et al, 32 rates of nosocomial infection did not correlate with an increase in the rate of hand rub consumption, even though their increase in hand hygiene compliance was considered low. Because of the diversity in the results and methods of most relevant studies, the CDC's multidrug-resistant organism (MDRO) guidelines supports the use of combinations of various control interventions to reduce the burden of MDROs. 13 However, only the recommendations to monitor trends of MDROs or implement contact precautions and hand hygiene practices are supported by well-designed experimental, clinical, or epidemiologic studies. Crivaro et al 33 demonstrated that active surveillance and strict adherence to hand disinfection effectively stopped the spread of P. aeruginosa infections in a neonatal intensive care unit in Italy.
We have shown herein a significant 4-fold increase in the use of alcohol-based hand gel from period 1 to period 3. This was the only factor associated with a reduction in the rate of infection by carbapenem-resistant P. aeruginosa ( fig. 2) . Reduction in the use of other carbapenems during the period of ertapenem use ( fig. 1) was modest, and this could have contributed to the nonsignificant association between ertapenem and resistance by P. aeruginosa.
The guidelines to control MDROs recommend bundles to overcome resistance. Isolation precautions, hand hygiene, and use of gowns, gloves, and masks are the measures that are most often recommended. 13, 34 Which part of this bundle is the most important is yet to be determined. One limitation of our study is that we did not evaluate adherence to isolation precaution measures. As well, direct observation is the gold standard for monitoring hand washing. However, we used consumption of alcohol-based hand gel as a surrogate marker of hand hygiene, as it would be impractical to observe the hand-washing behavior of the entire hospital continuously for 65 months.
Our results emphasize the recommendations of the CDC in the MDRO guidelines. The simple introduction of a new drug or any isolated intervention may be insufficient to prevent bacterial resistance. Antimicrobial stewardship programs are essential but are not enough for resistance control, and hand-washing protocols must be extensively sought after in order to achieve results in the reduction of rates of drug resistance. As Pagani stated, in reference to antimicrobial stewardship programs, "there is no such thing as too much." 8 We would like to add, to control resistance, too much is not enough, and efforts must go beyond the use of antimicrobial stewardship programs.
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